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(54) CARDIAC MAGNETIC FIELD DIAGNOSTIC APPARATUS OF ATRIAL FLUTTER AND 
ATRIAL FIBRILLATION. AND METHOD FOR IDENTIFYING ELECTRICAL RE-ENTRY 
CIRCUIT OF ATRIAL FLUTTER AND ATRIAL FIBRILLATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cardiac 
magnetic field diagnostic apparatus capable of 
identifying tlie position of an abnormal electrical re-entry 
circuit inside the cardiac muscles such as the atrial flutter 
and atrial fibrillation safely, speedily and precisely, and 
provide a method for identifying the electrical re-entry 
circuit. 

SOLUTION: A magnetic field distribution measuring 
device 1 prepares data on the magnetic field distribution 
in time sequence by measuring the non-contact 
magnetism in plural coordinates on the region of chest of 
a subject. A first computing element 2 prepares image 
data showing the three-dimensional electric current 
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density distribution in the cardiac muscles in response to the magnetic field distribution 
measuring device 1. A second computing element 3 prepares three-dimensional anatomical 
image data by processing plural tomographic data separately obtained by using a 
tomographic diagnostic apparatus. A display device 4, receiving these data, displays an 
image showing the intramyocardial electric current density on the anatomical image. 
Therefore, when the abnonnal electrical re-entry circuit is generated in the cardiac muscles, 
the anatomical relation of the position can be easily identified. Further, instead of the 
anatomical image, an image showing a normal stimulation propagation circuit can be used as 
a template. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more field time series data which are the heart field diagnostic equipment of the 
auricular flutter and atrial fibrillation, and correspond to said two or more coordinates by non-contact 
MAG measurement in two or more coordinates on a test subject's thorax are acquired. And a field 
distribution measurement means to generate the field distribution time series data on said thorax based 
on said two or more field time series data, The 1st operation means which generates the data in which 
the three-dimension electric active state in said test subject's myocardium is shown based on said 
generated field distribution time series data, The 2nd operation means which generates the data in which 
said test subject's thorax fault image data supplied separately is processed into, and an anatomical image 
is shown. The image of the three-dimension electric active state in said myocardium which the data 
generated by said 1st operation means show Heart field diagnostic equipment which can be equipped 
with a display means to perform display processing piled up and displayed on said anatomical image 
which the data generated by said 2nd operation means show, and can identify the unusual electric 
revolution way in a myocardium in three dimension by this. 

[Claim 2] It is the heart field diagnostic equipment according to claim 1 as which the data in which the 
three-dimension electric active state in said myocardium generated by said 1st operation means is shovm 
are the current density distribution time series data in a myocardium, and said display means displays 
the location of two or more unusual electric revolution ways in three dimension on said anatomical 
image based on said current density distribution time series data. 

[Claim 3] Two or more field time series data which are the heart field diagnostic equipment of the 
auricular flutter and atrial fibrillation, and correspond to said two or more coordinates by non-contact 
MAG measurement in two or more coordinates on a test subject's thorax are acquired. And a field 
distribution measurement means to generate the field distribution time series data on said thorax based 
on said two or more field time series data, An operation means to generate the data in which the three- 
dimension electric active state in said test subject's myocardium is shown based on said generated field 
distribution time series data, The image in which the stimulus propagation path from the nodus 
sinuatrialis of said test subject's heart to a bundle-of-His-Purkinje-fibers system is shown based on the 
data generated by said operation means, Heart field diagnostic equipment which can be equipped with a 
display means to perform display processing which piles up and displays the image in which the unusual 
electric revolution way in a myocardium is shown, and can identify the unusual electric revolution way 
in a myocardium in three dimension by this. 

[Claim 4] It is the heart field diagnostic equipment according to claim 3 as which the data in which the 
three-dimension electric active state in said myocardium generated by said operation means is shown are 
the current density distribution time series data in a myocardium, and said display means displays the 
location of two or more unusual electric revolution ways in three dimension on the image in which said 
stimulus propagation path is shown based on said current density distribution time series data. 
[Claim 5] It is based on the field distribution time series data on said thorax generated based on two or 
more field time series data which are the identification approaches of the electric revolution way of the 
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auricular flutter and atrial fibrillation, and correspond to said two or more coordinates acquired by the 
non-contact MAG measurement in two or more coordinates on a test subject's thorax. The step which 
generates the 1st data in which the three-dimension electric active state in said test subject's myocardium 
is shown, The step which generates the 2nd data in which said test subject's thorax fault image data 
supplied separately is processed into, and an anatomical image is shown, By piHng up and displaying the 
image of the three-dimension electric active state in said myocardium which said 1st data shows on said 
anatomical image which said 2nd data shows The identification approach of an electric revolution way 
equipped with the step which makes it possible to identify the unusual electric revolution way in a 
myocardium in three dimension. 

[Claim 6] The three-dimension-electrical-and-electric-equipment active state in the myocardium which 
said 1st data shows is the identification approach of the electric revolution way according to claim 5 
which is current density distribution in a myocardium. 

[Claim 7] It is based on the field distribution time series data on said thorax generated based on two or 
more field time series data which are the identification approaches of the electric revolution way of the 
auricular flutter and atrial fibrillation, and correspond to said two or more coordinates acquired by the 
non-contact MAG measurement in two or more coordinates on a test subject's thorax. The step which 
generates the data in which the three-dimension electric active state in said test subject's myocardium is 
shown. By piling up and displaying the image in which the stimulus propagation path from the nodus 
sinuatrialis of said test subject's heart to a bundle-of-His-Purkinje-fibers system is shown, and the image 
in which the unusual electric revolution way in a myocardium is shown based on said generated data 
The identification approach of an electric revolution way equipped with the step which makes it possible 
to identify the unusual electric revolution way in a myocardium in three dimension. 
[Claim 8] The three-dimension electric active state in the myocardium which said data show is the 
identification approach of the electric revolution way according to claim 7 which is current density 
distribution in a myocardium. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the identification approach of the heart field diagnostic 
equipment for diagnosing the three-dimension-generating location of the unusual agitation propagation 
circuit in the myocardium leading to the auricular flutter and atrial fibrillation non-invasive by non- 
contact MAG measurement more specifically about the identification approach of heart field diagnostic 
equipment and an electric revolution way, and an electric revolution way. 
[0002] 

[Description of the Prior Art] In order to perform a diagnosis of a heart disease conventionally, generally 
the approach of recording an electrocardiogram is adopted. 

[0003] However, the conventional electrocardiography is inadequate in order to presume the location of 
the part which should be treated, for example in the case of heart surgery, magnitude, and a 
configuration, and presumption which can satisfy an affected part location was not able to be performed. 

[0004] Electrocardiography depends this on it being the indirect measurement approach. That is, since 
the organization which exists even in a body surface from the heart, the location-relation between the 
heart, and other organs and a bone, and the magnitude of the heart differed from the conductivity for 
every ****** of the body etc. greatly for every test subject, it was very difficult to pinpoint an affected 
part location correctly for the information acquired by indirect measurement as shown in an 
electrocardiogram. 

[0005] In view of the trouble by such indirect mensuration, the identification approach of a more direct 
affected part location is adopted. 

[0006] For example, by stabbing with a needle electrode directly the heart exposed by surgical 
thoracotomy operation, or contacting a grid, myocardial potential measurement of multipoint 
coincidence is performed and the method of presuming an affected part location correctly is adopted. 
However, the thoracotomy operation itself has a patient's large burden, and in order that the multipoint 
coincidence myocardial potential measurement for the affected part location identification by which it is 
moreover carried out during a thoracotomy operation, and its data analysis may take it long duration, it 
has the trouble that the thoracotomy operation itself will turn for a long time. 

[0007] For this reason, the approach of enabling presumption of a highly precise affected part location 
for a short time was demanded strongly. 

[0008] Moreover, the diagnosis and the cure using the catheter as other direct approaches are also 
adopted in recent years. This approach is an approach of performing a quick therapy, by carrying out 
rapid heating of the target site by the approach called the catheter cautery using a RF while pinpointing 
an affected part location by conducting electrophysiology-inspection, inserting in a test subject's inside 
of the body the catheter which possesses an electrode and a heater in a catheter point, and performing 
thorax radioscopy. 

[0009] However, by this approach, in order for electrophysiology-inspection to take time amount, there 
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is a problem that the amount of X-ray contamination of the medical practitioner by thorax radioscopy 
and a radiological technologist is large. 

[0010] On the other hand, it is known in various heart diseases that the auricular flutter and atrial 
fibrillation will be caused by forming an unusual agitation propagation circuit in a myocardium. If it 
explains to a detail more, it will be caused that the unusual electric revolution way to which the auricular 
flutter is called a macro reentry (macro re-entry) circuit around a tricuspid valve ring is formed, and by 
forming the unusual electric revolution way to which atrial fibrillation is called within an atrium many 
micro reentry (micro re-entry) circuits (multiple wavelet theory). In the early stages of paroxysmal atrial 
fibrillation, it is known for the latest research that the ignition (firing) sthenia in the part of the 
pulmonary vein is the invitation. 

[001 1] For the therapy of the auricular flutter and atrial fibrillation, it is important to identify the ignition 
part in these reentry circuits and pulmonary vein parts. However, as mentioned above, in the indirect 
measurement by electrocardiography, exact identification is difficult and its burden of as opposed to a 
patient or a medical practitioner by direct inspection like electrophysiology-inspection using the 
myocardial potential measurement at the time of a surgical thoracotomy operation or a catheter is large. 
[0012] Then, to diagnose the ignition part in these reentry circuits and pulmonary vein parts non- 
invasive is desired strongly. 

[0013] On the other hand, the SQUID fluxmeter using the superconducting quantum interference device 
(it abbreviates to SQUID below Superconducting Quantum Interference Device:) which can detect about 
1/1 billion magnetic flux of earth magnetism to high sensitivity is applied in various fields. Especially, 
in the field of the somatometry as which noninvasive measurement is requested strongly, the non- 
contact MAG measurement of the body which used the SQUID fluxmeter is tried as mentioned above. 
[0014] To measure the magnetocardiogram which is field distribution of the heart using a SQUID 
fluxmeter is being tried by having developed DC-SQUID by the advance of a thin-film manufacturmg 
technology in recent years especially. 
[0015] 

[Problem(s) to be Solved by the Invention] However, it was difficuh to be unable to display directly the 
location of the affected part in the body, magnitude, and a configuration, but to tell a medical 
practitioner about the relative physical relationship of the electric revolution way in the heart exactly 
only at the magnetocardiogram. 

[0016] For this reason, in order to identify the location of the unusual agitation propagation circuit in the 
myocardium used as a cause on the occasion of a diagnosis of the auricular flutter and atrial fibrillation, 
the approach of visualizing the current activity in a myocardium from the cardiac field distribution 
which a magnetocardiogram shows has been proposed. The approach of copying and visualizing the 
source of a magnetic field by one or more current dipoles as such an approach has been adopted. 
However, when many micro reentry circuits existed, there was a problem that the location of the number 
or each circuit could not be identified correctly. Moreover, by such approach, there was a problem that 
the imitation results of the source of a magnetic field will differ according to the initial value set up. 
[0017] So, the purpose of this invention is being based on the data in which the three-dimension electric 
active state in the myocardium obtained by non-invasive magnetic measurement is shown on the 
occasion of a diagnosis of the auricular flutter and atrial fibrillation, and offering the identification 
approach of insurance, the heart field diagnostic equipment which can be identified quickly and with 
high precision, and an electric revolution way for Ihe physical relationship of the unusual electric 
revolution way in a myocardium. 
[0018] 

[Means for Solving the Problem] The heart field diagnostic equipment of the auricular flutter by this 
invention and atrial fibrillation is equipped with a field distribution measurement means, the 1st 
operation means, the 2nd operation means, and a display means. A field distribution measurement 
means acquires two or more field time series data which correspond to two or more coordinates by non- 
contact MAG measurement in two or more coordinates on a test subject's thorax, and generates the field 
distribution time series data on a thorax based on two or more field time series data. The 1st operation 
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means generates the data in which the three-dimension electric active state in a test subject's 
myocardium is shown based on the generated field distribution time series data. The 2nd operation 
means generates the data in which a test subject's thorax fault image data supplied separately is 
processed into, and an anatomical image is shown. A display means performs display processing which 
piles up and displays the image of the three-dimension electric active state in the myocardium which the 
data generated by the 1st operation means show on the anatomical image which the data generated by 
the 2nd operation means show. Thereby, the unusual electric revolution way in a myocardium can be 
identified in three dimension. 

[0019] The data in which the three-dimension electric active state in the myocardium generated by the 
1st operation means is shown preferably are the current density distribution time series data in a 
myocardium, and a display means displays the location of two or more unusual electric revolution ways 
in three dimension on an anatomical image based on current density distribution time series data. 
[0020] If other aspects of affairs of this invention are followed, the heart field diagnostic equipment of 
the auricular flutter and atrial fibrillation will be equipped with a field distribution measurement means, 
an operation means, and a display means. A field distribution measurement means acquires two or more 
field time series data which correspond to two or more coordinates by non-contact MAG measurement 
in two or more coordinates on a test subject's thorax, and generates the field distribution time series data 
on a thorax based on two or more field time series data. An operation means generates the data in which 
the three-dimension electric active state in a test subject's myocardium is shown based on the generated 
field distribution time series data. A display means performs display processing which piles up and 
displays the image in which the stimulus propagation path from the nodus sinuatrialis of a test subject's 
heart to a bundle-of-His-Purkinje-fibers system is shown, and the image in which the unusual electric 
revolution way in a myocardium is shown based on the data generated by the operation means. Thereby, 
the unusual electric revolution way in a myocardium can be identified in three dimension. 
[0021] The data in which the three-dimension electric active state in the myocardium generated by the 
operation means is shown preferably are the current density distribution time series data in a 
myocardium, and a display means displays the location of two or more unusual electric revolution ways 
in three dimension on the image in which a stimulus propagation path is shown based on current density 
distribution time series data. 

[0022] When other aspects of affairs of this invention are followed, the identification approach of the 
electric revolution way of the auricular flutter and atrial fibrillation It is based on the field distribution 
time series data on the thorax generated based on two or more field time series data corresponding to 
two or more coordinates acquired by the non-contact MAG measurement in two or more coordinates on 
a test subject's thorax. The step which generates the 1st data in which the three-dimension electric active 
state in a test subject's myocardium is shown. The step which generates the 2nd data in which a test 
subject's thorax fault image data supplied separately is processed into, and an anatomical image is 
shown, It has the step which makes it possible to identify the unusual electric revolution way in a 
myocardium in three dimension by piling up and displaying the image of the three-dimension electric 
active state in the myocardium which the 1st data shows on the anatomical image which the 2nd data 
shows. 

[0023] Preferably, the three-dimension-electrical-and-electric-equipment active state in the myocardium 
which the 1st data shows is current density distribution in a myocardium. 
[0024] When the aspect of affairs of further others of this invention is followed, the identification 
approach of the electric revolution way of the auricular flutter and atrial fibrillation It is based on the 
field distribution time series data on the thorax generated based on two or more field time series data 
corresponding to two or more coordinates acquired by the non-contact MAG measurement in two or 
more coordinates on a test subject's thorax. The step which generates the data in which the three- 
dimension electric active state in a test subject's myocardium is shown. By piling up and displaying the 
image in which the stimulus propagation path from the nodus sinuatrialis of a test subject's heart to a 
bundle-of-His-Purkinje-fibers system is shown, and the image in which the unusual electric revolution 
way in a myocardium is shown based on the generated data It has the step which makes it possible to 
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identify the unusual electric revolution way in a myocardium in three dimension. 

[0025] Preferably, the three-dimension electric active state in the myocardium which data show is 

current density distribution in a myocardium. 

[0026] According to this invention, therefore, the image in which the three-dimension electric active 
state in the myocardium obtained by non-invasive magnetic measurement is shown By piling up and 
displaying the same test subject's thorax fault image data photoed by other medical diagnostic 
equipment on the anatomical image processed and obtained It enables a medical practitioner insurance 
and to identify quickly and with high precision in the physical relationship in the myocardium of the 
unusual electric revolution way leading to the auricular flutter and atrial fibrillation. 
[0027] Furthermore, according to this invention, it enables a medical practitioner insurance and to 
identify quickly and with high precision in the physical relationship in the myocardium of the unusual 
electric revolution way leading to the auricular flutter and atrial fibrillation by piling up and displaying 
the image in which the three-dimension electric active state in the myocardium obtained by non-invasive 
magnetic measurement is shown on the image in which the stimulus propagation path from the nodus 
sinuatrialis of the same test subject's heart to a bundle-of-His-Purkinje-fibers system is shown. 
[0028] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is explained in 
detail with reference to a drawing. In addition, the same sign is given to the same or a considerable part 
among drawing, and the explanation is not repeated. 

[0029] [Gestalt 1 of operation] drawing 1 is the functional block diagram showing roughly the 
configuration of the heart field diagnostic equipment of the auricular flutter and atrial fibrillation by the 
gestalt 1 of implementation of this invention. 

[0030] With reference to drawing 1 , using a measurement means like the SQUID fluxmeter explained 
in full detail later, the field distribution metering device 1 performs non-contact MAG measurement in 
two or more coordinates on a test subject's thorax, and acquires two or more field time series data 
corresponding to two or more coordinates. And based on two or more acquired field time series data, it 
generates and outputs on a thorax (i.e., the field distribution time series data of a heart magnetic field). 
[0031] Based on the field distribution time series data of the heart measured by the field distribution 
metering device 1 , the 1st arithmetic unit 2 generates and outputs the 1st data in which the three- 
dimension electric active state in a myocardium is shown, for example using the various well-known 
count technique mentioned later. 

[0032] on the other hand - nuclear magnetic resonance (MRI) ~ law, an X-ray CT method, echo 
cardiography, and Myocardium SPECT ~ the fault image data (the data of the fault image of two or 
more sheets are included) of the same test subject's thorax obtained separately is given to the 2nd 
arithmetic unit 3 by fault diagnostic equipment, such as law, and the 2nd arithmetic unit 3 generates and 
outputs the 2nd data in which these fault image data is processed into and a three dimension anatomical 
image is shown by it. 

[0033] Here, when an image expresses the 1st above-mentioned data and the electric active state 
acquired with the 1st arithmetic unit 2 is current density distribution for example, in a myocardium, 
three-dimension-identification of an electric revolution way is attained by paying one's attention to local 
revolution of the shade of the image showing current density distribution. 

[0034] An indicating equipment 4 is piled up and displayed on the three-dimension-anatomical image of 
the thorax of the test subject whom the 2nd data generated by the 2nd arithmetic unit 3 shows the image 
in which the three-dimension electric activity in the myocardium which the 1st data generated by the 1st 
arithmetic unit shows (for example, current density distribution) is shown. Consequently, the physical 
relationship of the electric revolution way in a myocardium can be identified in three dimension on an 
anatomical image. 

[0035] Next, drawing 2 is the block diagram in which having taken shape more and having shown the 
configuration of the heart field diagnostic equipment by the gestalt 1 of implementation of this invention 
shown in drawing 1 . 

[0036] The field distribution metering device 1 is equipped with the dewar 13 having the SQUID 
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fluxmeter installed so that non-contact magnetic measurement might be perforaied on a test subject's 12 
thorax in the magnetic shield room (below Magnetic Shield Room:, MSR) 1 1, and the operation part 14 
of field distribution data with reference to drawin g 2 . 

[0037] The environment of the low-temperature system which liquid helium is filled in a dewar 13 and 
superconduction produces is formed, and the SQUID fluxmeter which consisted of sensing coils which 
consist of a superconductor into it is contained. 

[0038] Drawing 3 is the SQUID fluxmeter 15 installed in the superthermal system in the dewar 13 in 
MSRl 1 shown in drawing 2 , and the block diagram showing more in a detail the operation part 14 
installed in MSRl 1 of an ordinary temperature system. 

[0039] In addition, the configuration shown in drawing 3 is a configuration for one channel for 
measuring the field data of one point on a test subject's thorax. In this invention, multipoint coincidence 
measurement of the magnetic field in two or more coordinates is performed in a test subject's thorax top 
so that it may mention later. Therefore, in MSRl 1 of drawing 2 , the configuration for one channel 
shown in drawing 3 will be prepared by the multiple channel required for measurement. 
[0040] Below, with reference to drawing 3 , generation of the field data based on the SQUID fluxmeter 
for one channel is explained. 

[0041] First, the SQUID fluxmeter 15 is equipped with the pick up coil 16 which consists of a 
superconductor for detecting the magnetic field generated from a test subject's thorax front face. If the 
pick up coil 16 catches a magnetic field, a current will flow, and this current is drawn in a coil 17 and 
produces a magnetic field in the Nb shielding 20. 

[0042] Consequently, the magnetic field which changes to linearity to this magnetic field is formed in 
the superconduction loop formation 18, the amplifier of operation part 14 installed in MSRl 1 of an 
ordinary temperature system detects the electrical potential difference of the both ends of this 
superconduction loop formation 18, and operation part 14 adjusts the current which flows in the 
modulation coil 19 in the Nb shielding 20 so that change may not arise on a detection electrical potential 
difference. 

[0043] Namely, detection of the magnetic field of the living body by this SQUID Not the thing that 
measures the magnetic field to generate directly but the so-called null-balance method is used. Feedback 
is applied so that the magnetic field in the superconduction ring 1 8 may always serve as constant value 
(by controlling the magnetic field which adjusts the current which specifically flows in the modulation 
coil 19, and is generated in the modulation coil 19). By things, operation part 14 changes and outputs the 
magnetic field detected by the pick up coil 16 to an electrical signal making it a fixed magnetic field 
always generated in the superconduction loop formation 18. The technique of such feedback is usually 
the technique of the common knowledge called a flux lock troop (below flux locked loop:, FLL). 
[0044] Since the such SQUID fluxmeter 15 and its operation part 14 are well-known techniques, they 
omit explanation beyond this. 

[0045] As mentioned above, the configuration shown in drawing 3 is a configuration required for 
measurement of the field data for one channel, and outputs the electrical signal which shows the field 
time series data of the magnetic field measured by one on a test subject's front face of a thorax. 
[0046] In this invention, many sensors (SQUID fluxmeter) tend to be arranged in a test subject's fi-ont 
face of a thorax as mentioned above, and it is going to carry out multipoint measurement of the magnetic 
field on the front face of a thorax. A magnetic field changes in time, and if measurement locations differ 
during the period which is equivalent to one heartbeat, a magnetic field will carry out a different change 
according to a location. 

[0047] Drawin g 4 is drawing showing an example of arrangement of two or more sensors (each is the 
SQUID fluxmeter of one channel) which can be set on a test subject's front face of a thorax. Moreover, 
drawing 5 shows the field time series data of one group which shows change of the magnetic field in 1 
heartbeat period obtained fi-om each sensor corresponding to each location of two or more sensors of 
dr aw i n g 4 . 

[0048] Although the data outputted from the field distribution metering device 1 shown in drawing 2 are 
the field time series data of one group corresponding to two or more measuring points (coordinate) as 
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shown in drawing 5 If the field time series data of these one group are caught paying attention to a 
certain specific time of day, since it is difficult for a graph (drawing) to express the situation of actual 
San-ya which shows the distribution condition of the magnetic field strength of a certain time of day on 
the front face of a thorax which is the measuring object The field distribution data currently expressed 
with the contour map like the atmospheric pressure of a synoptic weather chart are obtained. Also from 
this semantics, the data outputted from the field distribution metering device 1 can be regarded as field 
distribution time series data on the front face of a thorax. 

[0049] Such field time series data of one group outputted from the field distribution metering device 1, 
i.e., field distribution time series data, are given to the 1st arithmetic unit 2 of drawin g 2 . This 1st 
arithmetic unit 2 functions as asking for the electric activity in the thorax in that moment, for example, 
the current density in the thorax which flows at that moment, based on the field distribution data of a 
certain time of day. 

[0050] The technique of searching for the current density distribution which flows in the information on 
the three dimension electric activity in the part in the body used as the measuring object (this invention 
heart), for example, the part concemed, from the field distribution time series data generated by the field 
distribution metering device 1 with the 1st arithmetic unit 2 is explained. 

[0051] Drawing 6 is drawing which explains typically how to ask for such current density. By the 
approach explained below, if the current sensor (virtual sensor) was temporarily prepared in one specific 
part in the body which it is going to analyze, it is going to compute indirectly the current which should 
flow there. For this reason, the current output of the virtual sensor concemed can be obtained by taking 
that total, applying the multiplier in the field time series data obtained from all the sensors (SQUID 
fluxmeter) installed in the front face of a body thorax. And it becomes a central technical problem in this 
operation how it asks for this multiplier. 

[0052] The technique of asking below for current density with reference to drawing 6 is explained more 
to a detail. First, the field sensor of N individual shall be arranged for the total on a body front face 
(front face of a thorax). On the other hand, each considers that the body (a thorax, especially heart) 
which is a candidate for analysis is the aggregate of the voxel which is a small block. Here, the total of 
the voxel is made into M pieces. 

[0053] The field time series data obtained from each sensor j are set to Bj (t), and it is each sensor output 

(the spatial filter multiplier of the voxel i corresponding to Bj (t) is set to betaij.). 

[0054] Here, Si (t) will be defined by the degree type, if the virtual sensor output corresponding to the 

current density obtained from the virtual current sensor concemed is set to Si (t) when it is thought that a 

virtual current sensor is in Voxel i. 

[0055] 

[Equation 1] 

si(t)=i:PyBj(t) 

[0056] Therefore, if spatial filter multiplier betaij is decided, the current density in each voxel i can be 
obtained, and the three-dimension-current density distribution in the whole candidate for analysis can be 
acquired. 

[0057] As technique set up so that it may have sharp sensibility only to the distribution current of the 
voxel i which corresponds above-mentioned spatial filter multiplier betaij, various technique, such as 
SAM (Synthetic ApertureMagnetometry) and MUSIC (Multiple Signal Classification), can be used. 
Although, as for SAM or MUSIC, researches and developments are done in fields, such as a radar and 
sonar, until now and each technique is common knowledge, it is not yet applied to a diagnosis of a heart 
field. 

[0058] The virtual sensor output computed by the real time of each voxel called for using the spatial 
filter multiplier by SAM or the technique of MUSIC has the advantage of having very high real time 
nature. 

[0059] Although SAM and the technique of MUSIC itself are common knowledge, and the detailed 
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explanation is omitted here since the algorithm which asks for a spatial filter multiplier using such 
technique is very complicated About SAM Proceedings of the 1999 issue of the 1 1th International The 
302nd page to page [ 305th ] Robinson of "Reent Advances in Biomagnetism" (Tohoku University Press 
issue) of Conference on Biomagnetism SE It reaches. Vrba J It is explained to "Functional 
Neuroimaging by Synthetic Aperture Magnetometry (SAM)" to depend at the detail MUSIC is 
explained to the 1 19th page on January 25, Heisei 9 at the detail from the 1 17th page of "the brain MAG 
science-SQUID measurement and medicine application" (Ohm-Sha) by **** of issue, and Shinya 
KurikL[-] 

[0060] Thus, the 1st arithmetic unit 2 generates the time series data which show the three-dimension- 
current density distribution in the heart which is a candidate for analysis from the field distribution data 
generated by the field distribution metering device 1, and gives them to the one side input of a display 4. 

[0061] other fault diagnostic equipment which is not illustrated on the other hand to the 2nd arithmetic 
unit 3 shown in drawing 2 , for example, the MRI method, an X-ray CT method, echo cardiography, and 
Myocardium SPECT ~ the image data of two or more slice images (they are about about ten sheets for 
example, at a 5mm pitch) the same test subject's thorax to which the electrocardiogram synchronous 
trigger was applied and which was photoed using law etc. is inputted. 

[0062] The 2nd arithmetic unit 3 processes the data of two or more of these slice images (interpolation), 
performs three-dimension transparent transformation from a predetermined view, and generates the 2nd 
data in which an anatomical image is shown. Thus, the technique which forms a three dimension 
anatomical image from two or more slice images is common knowledge, for example, is indicated by 
JP,1 1-128224,A, the international public presentation WO 98/No. 15226 official report, etc. at the detail. 
Therefore, the detail is not explained here. 

[0063] Thus, the 2nd arithmetic imit 3 generates the 2nd data in which the three dimension anatomical 
image of the thorax near the same test subject's heart is shown, and gives it to the another side input of a 
display 4. 

[0064] The indicating equipment 4 of drawing 2 piles up and displays the image in which the three- 
dimension-current density distribution in the myocardium formed based on the 1st data from the 1st 
arithmetic unit 2 on the three dimension anatomical image of a test subject's thorax formed based on the 
2nd data from the 2nd arithmetic unit 3 is shown. 

[0065] (al of drawing 7 and (b) are drawings showing the mode of a real-time display of the three- 
dimension-current density distribution respectively repeated in the three dimension anatomical image 
displayed with a display 4, and current density distribution is changing with transitions of time amoimt 
with time by (a) and (b). 

[0066] Each of (a) of drawing 7 and (b) is the three-dimension-image which carried out interpolation 
processing of the fault image of about five sheets which sliced and obtained a test subject's thorax in the 
5mm pitch, and is difficult to express the feeling of depth of an actual display image on a drawing. In 
. each drawing of drawing 7 (a) and (b), it can guess that it is the three-dimensional anatomical image 
which has the feeling of depth formed of composition of two or more slice images from being expressed 
by two or more diagrams by which the diagram which constitutes each image overlapped. 
[0067] In addition, in each of (a) of drawing 7 , and (b), the tomogram bottom is the front face of the 
body and the bottom is a tooth back. Moreover, each tomogram for (a) and (b) is a tomogram seen from 
the bottom (guide-peg side). 

[0068] In each of (a) of drawing 7 , and (b), the set of the circle shown by A displays the three- 
dimension-current density distribution repeated in the three-dimension-anatomical image, and the 
magnitude of the path of each circle expresses the magnitude of current density. Moreover, the size of 
current density can also be expressed as the shade of the specific color on a screen. 
[0069] Moreover, drawing 8 extracts and displays the fault image in the depth with a three-dimensional 
anatomical image with the depth as shown in (a) of drawing. 7 , and (b), and the set of the circle similarly 
/ shown by A expresses the current density distribution on the fault image concerned. 

[0070] Thus, a medical practitioner can grasp exactly the relative physical relationship of the current 
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density distribution in the myocardium on an anatomical image by displaying the three-dimension- 
current density distribution in a myocardium on a three dimension anatomical image with the depth. 
When the current density distribution displayed especially shows local revolution, the location of the 
affected part in the myocardium which has produced the electric revolution way leading to the auricular 
flutter and atrial fibrillation, magnitude, and a configuration can be diagnosed exactly. 
[0071] Drawing 9 is the flow Fig. showing the identification approach of the current density distribution 
in the myocardium performed by the heart field diagnostic equipment by the gestalt 1 of the above 
operation (especially unusual electric revolution way). 

[0072] If d rawi ng 9 is referred to, first, in step SI, with the field distribution metering device 1, non- 
contact MAG measurement is performed in two or more coordinates on a body thorax, and two or more 
time series data are generated, and if required, it will record. In addition, the operation by above- 
mentioned SAM or above-mentioned MUSIC in the 1st arithmetic unit 2 can be performed to the time 
series data supplied on real time. 

[0073] Next, in step S2, to two or more MRI images which applied to which and photoed the 
electrocardiogram synchronous trigger beforehand, a interpolation operation (three-dimension 
transparent transformation from a predetermined view) is performed with the 2nd arithmetic unit 3, and 
the anatomical image of a three dimension is obtained. 

[0074] Next, in step S3, the end time of ts and analysis is set [ the initial time of day of analysis ] for the 
time interval of te and analysis as deltat. 

[0075] Next, in step S4, the initial time of day ts is substituted for the analysis time of day t, and analysis 
is started. And in step S5, the following processings are performed until the analysis time of day t 
reaches at end time te. 

[0076] That is, in step S6, the heart field distribution data in the assignment analysis time of day t are 
processed by the SAM method or the MUSIC method with the 1st arithmetic unit 2, and the current 
density distribution data in a myocardium are obtained. 

[0077] Next, in step S7, the current density distribution data in a myocardium are piled up and displayed 
on the anatomical image which performed three-dimension transparent transformation from the 
predetermined starting point with an indicating equipment 4. 

[0078] Next, in step S8, deltat is added to the analysis time of day t. Processing of these steps S6-S8 will 
end the display of the current density distribution data in a myocardium put on the anatomical image, if 
it is repeated until it is judged at step S5 that the analysis time of day t reached at end time te, and it 
reaches at end time te. 

[0079] As mentioned above, it enables a medical practitioner to identify the anatomical physical 
relationship of the unusual agitation propagation circuit in the myocardium leading to the auricular 
flutter and atrial fibrillation, i.e., an electric revolution way, magnitude, and a configuration in three 
dimension by display in piles the image in which the current density distribution in the myocardium 
obtained by the non-invasive magnetic measurement on the thorax of the test subject using a SQUID 
fluxmeter is show on a three dimension-anatomical image according to the gestalt 1 of implementation 
of this invention, 

[0080] For this reason, even if it does not perform myocardial potential measurement of multipoint 
coincidence at the time of a surgical thoracotomy operation, it can become possible about the unusual 
agitation propagation circuit leading to the auricular flutter and atrial fibrillation insurance and to 
identify quickly and with high precision, the operation time amount of a thoracotomy operation can be 
shortened remarkably, and a patient's burden can be mitigated. 

[0081] Moreover, since it becomes possible about an agitation propagation circuit unusual as mentioned 
above insurance and to identify quickly and with high precision even if it does not use the conventional 
diagnostic approach of having conducted electrophysiology-inspection by the catheter, carrying out 
thorax radioscopy, the X-ray contamination time amount of a medical practitioner or a radiological 
technologist can be shortened remarkably, and the burden of a medical practitioner and a radiological 
technologist can be mitigated. 

[0082] Moreover, by using together the identification approach of the electric revolution way by the 
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gestalt 1 of this operation with the catheter cautery by the RF, the auricular flutter and atrial fibrillation 
can be treated by the operation of low invasiveness, and a patient's burden can be mitigated further. 
[0083] Furthermore, with the gestalt 1 of this operation, since current density distribution is measured as 
data in which the electric active state in a myocardium is shown, it can diagnose, taking easily the . 
adjustment of the current density distribution in a myocardium, and the medical knowledge about a 
survival myocardium. 

[0084] With the gestalt 1 of the [gestalt 2 of operation] above-mentioned operation, in order to form an 
anatomical image, many tomograms for a test subject needed to be obtained and inspection by the MRI 
method, an X-ray CT method, etc. was conducted in advance. For this reason, while the count of 
inspection increased and becoming a patient's burden, inspection and the therapy linked directly were 
not able to be performed. 

[0085] By making formation of an anatomical image unnecessary, the gestalt 2 of implementation of this 
invention reduces the count of inspection, and offers the identification approach of the heart field 
diagnostic equipment which can link directly and carry out diagnosis and inspection, and an electric 
revolution way. 

[0086] Drawing 10 is the functional block diagram showing roughly the configuration of the heart field 
diagnostic equipment of the auricular flutter and atrial fibrillation by the gestalt 2 of implementation of 
this invention. 

[0087] Since the field distribution metering device 1 was already explained in relation to the gestalt 1 of 
operation with reference to drawing 1 0 , here does not explain repeatedly. 

[0088] The field distribution time series data generated by the field distribution metering device 1 are 
given to an arithmetic unit 5. An arithmetic unit 5 generates the data in which the three-dimension 
electric active state in a myocardium, for example, three-dimension-current density distribution, is 
shown using the count technique, such as the SAM method described previously or the MUSIC method, 
based on the given field distribution time series data. And an arithmetic unit 5 piles up the data in which 
the agitation (stimulus) propagation path in the heart of the period which is equivalent to a QRS 
complex from the P wave of an electrocardiogram is shown, and the data in which current density 
distribution is shown based on the generated three-dimension-current density distribution data, and gives 
them to a display 6. 

[0089] An indicating equipment 6 is piled up and displayed on the three-dimension-image of the 
agitation propagation path equivalent to the period of a QRS complex from the P wave of the 
electrocardiogram similarly asked for the image in which the current density distribution in the 
myocardium which the data generated by the arithmetic unit 5 show is shown by the arithmetic unit 5. 
Consequently, even if it does not use an anatomical image like the gestalt 1 of operation, it becomes 
possible to identify the physical relationship of the electric revolution way in a myocardium in three 
dimension. 

[0090] Next, drawing 1 1 is the block diagram in which having taken shape more and having shown the 
configuration of the heart field diagnostic equipment by the gestalt 2 of implementation of this invention 
shown in drawing 10 . 

[0091] Since it is the same as the field distribution metering device 1 which explained the field 
distribution metering device 1 in relation to drawing 2 and drawing 3 with reference to drawing 1 1 , 
explanation is omitted here. 

[0092] The field distribution time series data outputted from the field distribution metering device 1 are 
given to the arithmetic unit 5 of drawing 1 1 , and this arithmetic unit 5 changes field distribution time 
series data into current density distribution time series data by the SAM method or the MUSIC method 
explained in relation to dr awing 6 . 

[0093] Here, the electrocardiograph 21 which records a test subject's 12 electrocardiogram is formed, 
and a test subject's 12 electrocardiogram data point measured by this is given to an arithmetic xmit 5. 
[0094] Here, if the wave of an electrocardiogram and the generated current density distribution are 
matched, matching with an electrocardiogram and the event generated in the heart will also be attained. 
[0095] Here, (a) of drawing 12 is drawing showing the normal stimulus propagation path in the heart 
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typically, and (b) shows the electrocardiographic complex for one heartbeat. 

[0096] With reference to drawing 12 , the S-A node or nodus sinuatrialis of the heart has a function as a 
pacemaker which determines a heartbeat, ignites at fixed spacing (timing of the P wave of an 
electrocardiogram), and generates a pulse. This pulse transmits a pulse to the downward ventricle 
through a Purkinje-fibers system after fixed time amount propagation and here at the nodus 
atrioventricularis through the decided stimulus propagation path from a hysterics (HIS) bundle, and 
contraction of a myocardium produces it at a stretch. Propagation of a stimulus of a Purkinje-fibers 
system is equivalent to the period (isovolumetric contraction period) of the QRS complex of an 
electrocardiogram from this bundle of His. 

[0097] Therefore, an arithmetic unit 5 generates the image data which shows the stimulus propagation 
path as the normal root as shown in drawing 12 (a) in the analysis of the heart field related with the 
period of a QRS complex from this P wave, i.e., the current density distribution in a myocardium. 
[0098] The image of a stimulus propagation path shown in such drawing 12 (a) can be used as a 
template display instead of the anatomical image of the gestalt 1 of operation. That is, if the 
hypersthenia circuit produced around it when the stimulus propagation path of the normal root show in 
this drawing 12 (a) be displayed, even if there be no anatomical image of a three dimension like the 
gestalt 1 of operation, for example, an unusual electric revolution way, (broken line in drawing 12 (a)) 
be a medical practitioner, anatomical matching be easily possible for it, and it can identify that location, 
magnitude, and a configuration. 

[0099] The arithmetic unit 5 of drawing 1 1 generates the data in which it lays on top of the display of 
the stimulus propagation circuit as such a template, and the generated current density distribution is 
shown. As mentioned above, by paying one's attention to local revolution of the image showing current 
density distribution, it is possible to find out a hypersthenia circuit, i.e., an electric revolution way, and 
such image data is compounded by the image data of an above-mentioned template, and is given to a 
display 6. 

[0100] Based on the data from an arithmetic unit 5, the indicating equipment 6 shovm in drawi ng 1 1 is 
laid on top of the normal stimulus propagation circuit as a template, and displays the image in which 
current density distribution is shown. 

[0101] Drawin g 13 is an example of the screen actually displayed with a display 6, lays on top of the 
normal stimulus propagation circuit as a template, and the image of current density distribution in which 
an unusual electric revolution way is shovm is displayed. 

[0102] If it is a medical practitioner, only based on the relative location of an electric revolution way to 
the normal stimulus propagation circuit as a template shown in drawing 13 , anatomical matching is 
easily possible and the location of an electric revolution way, magnitude, and a configuration can be 
identified. 

[0103] Drawing 14 and drawing 15 are the flow Figs, showing the identification approach of the current 
revolution way in the myocardium performed by the heart field diagnostic equipment by the gestalt 2 of 
the above operation. 

[0104] First, with reference to drawin g 14 , in step SI 1, in two or more coordinates on a body thorax, 
non-contact MAG measurement is performed using the field distribution metering device 1, and two or 
more field time series data are generated and recorded. 

[0105] Next, in step SI 2, the initial time of day of analysis is set as the P wave start time tsP of an 
electrocardiogram, analysis end time is set as the QRS complex end time teQRS of an 
electrocardiogram, and the time interval of analy sis is determined as deltat. 

[0106] Next, in step S13, tsP which is the start time of a P wave is substituted for the analysis time of 
day t. 

[0107] And in step SI 4, processing of the following steps S15-S17 is repeated until analysis time 
amount reaches at end time teQRS. 

[0108] That is, in step SI 5, the cardiac field distribution data in the assignment analysis time of day t are 
processed by the SAM method or the MUSIC method with an arithmetic unit 5, and the current density 
distribution data in a myocardium are generated. 
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[0109] Next, in step SI 6, the image which performed three-dimension transparent transformation to the 
current density distribution data in a myocardium from the predetermined starting point is displayed. 
[01 10] Next, in step SI 7, it judges whether deltat was added to the analysis time of day t, and it retumed 
to step S14, and reached at end time teQRS. When having reached here at end time teQRS is judged, it 
means that the image data which shows the stimulus propagation path which is the normal root which 
matches with the period from a P wave to a QRS complex among the waves of an electrocardiogram, 
and is shown in drawing 12 (a) was obtained. 

[0111] Next, it progresses to step SI 8 of drawing 15 , the initial time of day of analysis is set as ts, the 
end time of analysis is set as te, and an analysis time interval is determined as deltat. 
[0112] Next, the initial time of day ts is substituted for the analysis time of day t in step SI 9. Next, in 
step S20, the following steps S21-S23 are performed until it is judged that the analysis time of day t 
reached at end time te. 

[0113] That is, in step S21, with an arithmetic unit 5, the cardiac field distribution data in the assignment 
analysis time of day t are processed by the SAM method or the MUSIC method, and the current density 
distribution data in a myocardium are generated. 

[0114] Next, in step S22, the current density data in a myocardium are piled up and displayed on the 
image of the normal stimulus propagation circuit which performed three-dimension transparent 
transformation from the predetermined starting point. 

[0115] It judges whether furthermore, in step S23, deltat was added to the analysis time of day t, and it 
retumed to step S20, and reached at end time te. By this, the data in which the current density 
distribution in a myocardium is shown will be piled up and displayed on the image of the normal 
stimulus propagation path ( drawing 12 (a)) obtained in the flow Fig. of drawing 14 . 
[0116] According to the gestalt 2 of implementation of this invention, as mentioned above, the image in 
which the current density distribution in the myocardium obtained by the non-invasive magnetic 
measurement on the thorax of the test subject using a SQUID fluxmeter is shown By displaying on the 
normal stimulus propagation path as a template in piles It enables a medical practitioner to identify the 
relative physical relationship over the stimulus propagation circuit of the unusual agitation propagation 
circuit in the myocardium leading to the auricular flutter and atrial fibrillation, i.e., an electric revolution 
way, magnitude, and a configuration in three dimension, without piling up with other anatomical 
images. Therefore, with the gestalt 2 of this operation, the prior inspection for obtaining an anatomical 
image is omissible. 

[0117] Moreover, carrying out thorax radioscopy, also in the conventional method of performing the 
inspection and the therapy by the catheter, as mentioned above, insurance and since identification of the 
unusual agitation propagation circuit in a myocardium is attained with high precision quickly, the X-ray 
contamination time amount of a medical practitioner or a radiological technologist can be shortened 
remarkably, and the burden of a medical practitioner and a radiological technologist can be mitigated. 
[01 18] Moreover, since the inspection for anatomical image creation becomes unnecessary, by using 
together the identification approach of the electric revolution way by the gestalt 2 of this operation with 
the catheter cautery by the RF, a diagnosis of the auricular flutter and atrial fibrillation and the therapy 
linked directly can be performed, and a patient's burden can be mitigated further. 
[0119] Furthermore, with the gestalt 2 of this operation, since current density distribution is measured as 
data in which the electric active state in a myocardium is shown, a diagnosis can be easily performed for 
the adjustment of the current density distribution in a myocardium, and the medical knowledge about, a 
survival myocardium with picking. 

[0120] It should be thought that the gestalt of the operation indicated this time is [ no ] instantiation at 
points, and restrictive. The range of this invention is shown by the above-mentioned not explanation but 
claim, and it is meant that all modification in a claim, equal semantics, and within the limits is included. 
[0121] 

[Effect of the Invention] As mentioned above, since the electric active state in a myocardium acquired 
by the non-invasion MAG measurement on a patient's thorax can be indicated by visible on a three 
dimension anatomical image according to this invention, the location of the unusual electric revolution 
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way in a myocardium, a configuration, and the number can be identified in three dimension. 

[0122] Therefore, the annual X-ray contamination time amount of the medical practitioner in the case of 

conducting electrophysiology-inspection by the catheter or a radiological technologist can be reduced 

remarkably, carrying out thorax radioscopy, the operation time amount in a thoracotomy can be 

shortened remarkably, consequently the burden of both a patient and a . medical practitioner can be 

mitigated. 

[0123] Furthermore, efficient diagnostics becomes possible by using this invention together before the 
therapy by the catheter cautery using a RF. 

[0124] When the data in which the electric active state generated especially is shown are current density 
distribution data, un-arranging [ that a resuh changes according to a setup of the number or initial value ] 
does not arise like [ correspondence with current density distribution of the unusual agitation 
propagation circuit in the generated myocardium and the current density distribution in a myocardium is 
easy, and ] the conventional analysis approach of having copied the source of a magnetic field by one 
piece or two or more current dipoles. 

[0125] The location of the unusual electric revolution way in a myocardium, magnitude, a configuration, 
and the number can be identified in three dimension, without obtaining an anatomical image by piling 
up and displaying an unusual electric revolution way in three dimensions in the normal stimulus 
propagation circuit from the same test subject's nodus sinuatrialis to a bundle-of-His-Purkinje-fibers 
system according to the aspect of affairs of further others of this invention. That is, the inspection for 
obtaining an anatomical image can be omitted and the effectiveness that economic effectiveness 
increases more is done so. 



[Translation done.] 
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* NOTICES * 

JPd and INPIT are not responsible for any 
damages caused by the use of this treinslation . 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the functional block diagram showing roughly the configuration of the heart field 
diagnostic equipment of the auricular flutter by the gestalt 1 of implementation of this invention, and 
atrial fibrillation. 

[Draw ing 2] It is the block diagram in which having taken shape more and having shown the 
configuration of heart field diagnostic equipment shown in drawing 1 . 

[Drawing 3] It is the block diagram showing the detailed configuration of the field distribution metering 
device shown in drawin g 2 . 

[Drawing 4] It is drawing showing the example of an array of two or more field sensors which can be set 
on a test subject's firont face of a thorax. 

[Drawing 5] It is drawing showing the field time series data obtained from each of two or more sensors 
of drawing 4 . 

[Drawing 6] It is drawing which explains typically how to compute current density data from field time 
series data. 

[Drawing 7] It is drawing showing the example of the three-dimension-anatomical image displayed on a 
display 4. 

[Drawing 8] It is the fault Fig. showing one cross section of the three-dimension-anatomical image 
shown in drawing 7 . 

[Drawin g 9] It is a flow Fig. explaining actuation of the heart field diagnostic equipment by the gestah 1 
of implementation of this invention. 

[Drawing__l^^^^ It is the functional block diagram showing roughly the configuration of the heart field 
diagnostic equipment of the auricular flutter by the gestalt 2 of implementation of this invention, and 
atrial fibrillation, 

[Dramng J.1] It is the block diagram in which having taken shape more and having shown the 
configuration of the heart field diagnostic equipment by the gestalt 2 of implementation of this invention 
shown in drawing 10 . 

[Djamng 12 It is drawing showing typically the normal stimulus propagation path and 
electrocardiographic complex in the heart. 

[Drawing 13] It is drawing showing the image of the normal stimulus propagation path actually 
displayed with the display 6, and an unusual electric revolution way. 

[Drawing 14] It is a flow Fig. explaining actuation of the heart field diagnostic equipment by the gestah 
2 of operation. 

[Drawing 1 5] It is a flow Fig. explaining actuation of the heart field diagnostic equipment by the gestalt 
2 of operation. 
[Description of Notations] 

1 A field distribution metering device, 2 The 1st arithmetic unit, 3 The 2nd arithmetic unit, 4, six 
indicating equipments, 5 An arithmetic unit, 1 1 MSR, 12 A test subject, 13 A dewar, 14 operation part, 
15 A SQUID fluxmeter, 16 A sensing coil, 17 A coil, 18 superconduction loop formation, 19 A 
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modulation coil, 20 Nb shielding, 21 Electrocardiograph. 
[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 8/30/07 



(i9)H*HWiiF;f (jp) . 02) ^ II J|# 1^ ^ g[ (A) (n)mmmmm^ 

#^2002-28143 
(P2002-28143A) 
(43)^BiB ¥iai4^1^29B (2002. 1.29) 

(Bointci.' mi$m Fi f-73-r(^) 

A6 1B 5/(fi A6 1B 5/05 A 2G0 17 

GOIR 33/035 ZAA GO IR 33/035 ZAA 4C0 2 7 



I^Sm M:ft]gcoft8 OL (±14K) 





4$H2000-217833( P2000-217833} 


(71)taBA 


396020800 










(22)meB 


¥j«12^ 7 ^ 18 a C2000. 7. 18) 




«f5»;ii nm^iir 4 T i 1 s 8 H» 








000003621 
















*Eji?f*Em'f*K*i»r4Ta i«i3s 






(TDfflBA 


591167430 
















AEJit:^IE*«*K¥IW4TB 1 - 2 






(72)I6M« 


tJg «^ 








«#!MIH*±fflSl -12-14 








100064746 








#«± IRS A« (^1.2«) 











(54) [%9q«}«||i] 



(57) imm 

\:.fz'!^^\,z^<nmmmw(mm^^z 




8/30/07, EAST Version: 2.1.0.14 



1 

St, 

izmh^h^xm^-timTpm^momTii^fit i 
mt. ztiizx*). 'mmm^^j:mmmm^:3<k 
7imzm^-r?>^ti}fTtt, '\jmis.^mmm. 

[tt*iS2 ] mm 1 <^mM.m^zx -^x^m^tii 

mmmm&'iit^^miT-:?x'3>o . fris«*#s 
{i. mimmBi^mmif-^izm'^si^x. ninas 

ymizm^t^^ m^mii,zEm<0'mm.mmmm. 

mmx-h-^x. 

m^^<7)m^±<r>mmimizmmmAmsmiz 
J: 'ommmm<^mmziiim-t^mmcommm\T-:}' 

mi^^^nfzmm^m\T-i'izm'j\>^xmtm. 

5\«]illllS5^3»:7cWlc|S|S-fSCli:3&«T#S. 'Il^iifiBi 

«5rt<7)3<j:7c«S\WvS«i«siS:s^-tT-^'(i, 'l:^^e^rtco 

3»:7EW{c^-rs. mm3\zwmmsmwm. 
s. 
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2 

(nwmi'&.xh->x. 

wm<m1s^lsnm.<r>m^zmh^mmsim^z 

J: '^W'^^tifmim.(r>mszn%-fhw^mm 
%nT-^^zM-s\^xm.'^i\.fM!m>^.mmM 

nBmmmkf^^ i <nT-9^^-thxi-';r 

10 L-C)BgiJ^WBfilS:*-rm2<7)T-^'S:^-tS;^T-y 

mm 1 <^T-^'*^'s^^BuiE'D»rt<o3<X7ci:mwsi!i 

«li«Bmt:, |tfiEffi20T-:J'!!)<*tfnE»«!l1sWB 

mzm.h.-^h'iX^s-fh C t C J: 0 , 'C>«5rtc7)M^^ 

m^^<m%h(nm.(Dmmzii^^hmmm\m.z 

w^T-'9\zm^\^x^^'^MzmMiL<mmM 
9 \zm-i\ ^x . mwm.^<r»m^<n 3 <5i:7c 

mi^^td-cT-^i,zm-^\>^x . miwm^eomco 

30 t i:Mi3i-^h-^xmii-6 ZtiZ^y). 't^rtcO^S^r 

[ tmm 8 ] b?iet - t^Tiii-'mfHco 3 <X7c«^w 

[0001] 

^j:m&mmm3<X7mm.&smmmss.miz 
X 'ommmzmmtifz^bco'C^wm^mmmaxt/ 
m^mrnmrnm^mizm-ri . 

[0002] 

«llSrlE«i-ri.:^«*>'-«Wlc«fflS^i-C>.^5 , 
[0 003] L*»L=5:*»'^>, mkcO'L'^'mmxU. tzt 

t{im.^^ffM^zi^mt^^^^<r>m.. iz^^.m 
mm^-tifzmziiT^+'^x'h *) . m&sm&x 

50 ^hmMin^j:oZt*<X'^^j:t^-^t:. 
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[0004] zixii. 'bmmmmmmmimx'h 
§ $ . xm^mm::b com^mmm^j: t'mm:rt 

S. 10 

[ 0 0 0 6 ] Jtt Hi. mmmm^zx^xmni 

ithztizx*). ^}^m(n^^immm^m\'\ & 
^&Miimi,zm^-thumti<m^tix^^h. 

mm^wmzn^j:hixisMifLm.mzcoi::ibmm 
10 0 0 7] zff)i:iib. m'^mx'^m&cr)Bm&m<r>m 20 

10 0 0 8] ifz. ^ff)m.^mj:1fmtLX. ^t-t 

)i'i:m\''^fzmi ■ •i^mmhm^mm^ixx\.^&. ^Lnu 
ma. AT-T)\^msi^zmmth-^ ttrMmitzii 
T-7-)Viim^cr>ii:mzwxi. m^xw^m?:m 

mtmitiiif-mzx 'omm^MMmcttzkiz. 
i 'ommtmi'm^umx'h^. 
[0 0 091 u>L^*^'i, zmmxii. 30 
mmimmmthtzi^, rnxmrnrnzxhrnma 

[00101-:^, ^t^t^j:'m§.<r,'px\ 'mm 
axx/mmwui , m[^izm^^j:m'smmmmfSL 
^tiiztizj: '03\^mz^tLi,zti}m(:>tix^^i>. 

■ UX^M; (macro re-entry) m'^tmitlh^ 

'^^snmimmm^^titz t i o . -e Lxm 

UWAi. 'tSF^T-^St^OV-f :7n • UxyMJ (micro 40 

re-entry) m^tmnxm'^^^nsmmmimm 

iXhZk (multiple wavelet theory) (Cj;'??!^®^ 

^ixh, m&.m^xu. ^^m<mmm<n^mzh\.^ 

x\i. mmmmzmhm. (firing) imM^<r) 

m^\X'hhz)iti^nt=tix\^h. 

1 0 0 1 1 1 •m'miiii^if'mmm<7>^<nfzibi,z 

z.tih(n^}juyv^m^'^^mmMmzi5i,'fhmi. 
mmm'&'f^ztti<m^x'hh. L*>L^r*<^). ±56 
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4 

[00 1 2] -s-ciT. ::<i^>«oyxyM;[iigfr^Bi|iffiiM 

[00 1 31 «!!18^<^1 0«^OiejKO««S: 
KSt^tc^ffi-r S ^ t *>'t'$ S tSS^M^H^^SI? ( Su 
perconducting Quantum Interference Device: UlT, 
SQUIDi:B&-ri,) S:ffl»,^7tSQU I DEmff*-'$t 

mLmmm.<w^^ixx\^h±mmmmx'\i. 
sQu I Dmm^m\^tzK¥ii<nimmm\mti^m?i- 

[0014] m^z. T&^mmTwmmffimmzi: 

^XiC-SQMlWWm.^tltzZtl.ZX'O. SQU I 

Dmmim^^xm<mmi^x'h^'mmmmt 

[00 15] 

mm^^i-hzbiix'^i', 'mmzmim^mm 
mmm^j:m.mmmmmmizmithz tm 
mx'h-y-k. 

[00161 Z<r>tzib. 't<Wmi5i:X/iLmtm<r)WSi 

(rymm^^^w^th-mimn^fix^fz. i<r>t 

mmMmw^Lx-^mtth-Hmmmnxttz. l 
*»t. v-^i^D- '):i^yvmm^$'m^-fh^\.z 

Z}:.tiK't-^j:\'-^b\^o^mti^h'>fz. tfz. Z<r>i.otc 

[0017] ^muz. znwnmmt. mmi 
iii.i/'mmmm^znL. mmm^j:mmmi.zii 
^%t>ixfz>mn(r> 3 <*:7cSMWvs«i«©^^-rT-^ 

(.zm-^^^X. 'l:^«5l*l^^^3^t•&SS^«^fi«EllIK^o{iB 

hztxhh. 

[00 18] 

m.<nmf,zii»hi^mimm^zx ^m.cr>mmi<zn 
^^m^w—^\.zm-^\-^xmmi.m.m^nm\r- 
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iooi9]mL<ii.mimiSi^mizx^x±m lo 

m^cD-m.^&'ft^mmir-^X'h^ , mmm^ 
i^izmwim^^j:mMfimmm.m.^ s <X7tmzm 
[0020] z<7)wmm(r>mizm t , 'bwma 

mt. mi^<^mu±.cn>mmcr>mmziinm^mm. 
wcm^zi.^mi(r>&m{,znmthim.<r>m.mjmT- 20 

rJ'S-JRflU. *'0«|Sc7)Bai^lBf^3?ijT-^'t=»':fir^TIIIS 

m,^tifzm.m^m^nr- 9 \,zm-ri\.^xwmMcr)'b 
mn<r) 3 d^^tmrnm^^TT^-tr- 9 t:^'th . 
^^mi. mu^mziiy)^^fitzf—9i.zm-:s\^ 
X . wmM<r)>m<nmimt^ t x^- r)v^ yx.wm 

sd^m^zm'^t^ztm-ih. 30 

'i:>«5rtio 3»:7c««w«i!)^^c»$:^-rT-^'ii. 
<n%wM-9t^^mw-9 x'h 0 . «a 

mmL^zm.cnmm:mmmmm.t: sd^jtmz 

[0022] z<r)^^ne)^<^mmz^o t . 'L<mmii 

u}L<r)mk<r)mzmhi^wmm\m\.zi:*)M%^ 
titzmi<r)mmi<znm-thmL<r)m.mm\T—!'i,zm 40 

V-C ^§^t/c»±<7)«#^^Bllti^?iJf - tests' 
t^T. «£ii«c^'t»J»rtc^3<X7cm§^WvSiMit«^^tm 

-rmm 3 jXTci^wvsi&ifciioBm & , m 2 c7)f- 

0. 't«5l*IC0SS^«^(i<)illllKS:3<X7uWt|5l^t-S 
[ 0 0 2 3 ] »il L<{i, ^l<nr—S>ifi^-t'mm 50 
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6 

3iJ5c««mvss6*t®ti. m\>^<nmsm^'^m'h 
I. 

[0024] z(r>mm^t,\<zmcr>mmi<zm. o t . 

^m^±<omm(ommiztnfmmfmMtmi>zx o 
jRmtit:mmmmizmi-^m§i<om.mm\T~ 
ifizx^\,^x^^tit:mwi±<7)mm^m\r-i' 
t^soa ^x . mmmmm s d:7tmmmmmi 

bizx'o. mmm^^j:vsmm.mm 3 d:7mizm 

[ 0 0 2 5 ] »4 L<{i, T-^'*W'C«l*l<7)3<>:% 

^e<)vgi!)4fc«(i. 'L^mcomi&mmmx'hi. 
[00 26] uzii^-iX. z^mzxtm. i^imm 
tcmmmiizx *)nt:mm3dsmmmmt: 
*tH<isr, m<r>mm^mmsx'mm^iifzm--wm^ 
<Dmmmmm-i' ^jpi ixmtifzmmmm 
±izmfsi^h-txm:-ri ztizx*). 'mmaxi/ 
'mmm<^Mm t ^ s m^^j:n^imm^(D'Lmmzii 

[00271 $ ^^z. zcomn^zxtni. m%m^j:m 
mm^zx *)mz'mm 3 <X7twM.mmm^^mt 

y:tmm^<^mkiimmmi:yrs-rmwi±i,zmtx^h^ 

xm^r^ti ztizx^. 'mmmfixx/mmmmm 
t ^j:imn^j:mmmmmmmzm^iiLwmm 
mm^. mtb^mmzwi^thztmrnb^j: 

[0028] 

[mmmmmm] jmt. zcr)^m(Dmm(mm^m 
m^miLxmt<mm-t?>. =5:^. 
m^tziim-'^^i:nLx^c7)mmimm^^j:\.\ 
[0029] Lm&mm 11 mm. zcommm& 
mm 1 1 J: s . mmfi5Xv^'mm(r)'t''Wmm 
mmmm^mmizip-mmyn -y ^ mx-h t . 
[ 0 0 3 0 ] H 1 $:#!itT , is*:»-?i5itaijia 1 a. 
fztm. mxnm-^sQu i oMtoia^t+ai 
^mm\.^x. msimcr)m^±<7)mL<r>miz}imn 
mmmmm^m^y mmmmizMm^mmm 

[0031] mm^if^m 1 izx ^xiim^tifcb 
m(r>m.mmm\T-9izm-:}^^x. mimm&m 
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[0 0 3 2] mm^m (mri ) xwlct 

C^xn-H^, 'C#SPECTj£^t'<7)|Irl^llrll 
( 0 0 3 3 ] -e, Ji^wm i <n=f- ^ ^wm:mi 

[0 0 34] «5^^g4{i, rnKT^mnrnmizx-^x^ 

S3i,zX'ox^m^tLfzf^2<?^T-i^t^^-twm^cr)m 
&ico3<X7cmmm^mmmizmi:ii'^hitxm7iii-h, z 
<7)^m, mm^miSi±izii\,^X'mnm3mmm^ 20' 
<7)ia.mmm 3 iifLfLmzm^-ti z t i)<x^ 1. , 

[ 0 0 3 5 3 JW::, ia2(i:, HUi^L/iClco^BSiOll 

m<r>mm 1 j; 1. 'C^a^^aii^at^iijgiSr j: 0 ft^sii: 

[ 0 0 3 6 ] 02 &#B^tT , K^^i-ffiltiJ^S 1 ti, 
fi^i^-;^hVU-A (Magnetic Shield Room : WT, M 
SR) 1 l|*I{CtJV%T. Wm^l 2mm±iZi5\,^Xi^ 

im<omn.m]i'€^j: 0X0 tisa^ti/^ , squid 

M-3l4ti:miX\<^:h, 30 
[ 0 0 3 7 ] ra V- 1 3 l^fcKiJBl*'^ U ^J^mtz^ 

iixmmmi)^±timAj^(^mmm^^tiXii*) , -e 

UIDfi8Mh3&<iRll«!$ixTV^S, 

[0 0 38] 113 (i, m2l,Z7jktfzMSRl 1 |*|c7)t 

v-1 3<iH(7)mmMimzim^tihsQ\j i ofi^iti 

[ 0 0 3 9 ] ^fc, [i3ic*Lfcffljt«i. mmcom^ 
±(0 1 A<7)m^7'—f $rtta!i-t s Jtyjco 1 ^-v ^vp^a-io 40 

iaigp±tfcv^T1ti!coaiS(ci5(tl.«J*c7)^;±i|B]B#|tii| 
Uci^'oT. ia2cOMSRl lF*lWi. 113 

[0040] OTIC, ll35r#H3L-C, 1 

sQu I Dmmizxim^f-i^(^±mz-:>\,^xmBn 

[0 04 1] t-f, SQU I DMtl 5^, teii^cO 
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a >f ;H 7 t^l # a* iiT N b K 2 0 

[0042] zm^. z<^mmzMLxmmiz^it-t 
^mmtrnvMii—ri amzm&^ti, zcomm^ji^ 
-riacom^covK^. «s^wmsri miciga 
^ixfzm%m Ammmzx-yxmiUL. mmi4 

{±, «i±i«Et^'(b*^"4 ^ 1 -5 , N b i^-il- K 2 0 

[0043] -r^i?**, ^C7)SQUID{Ci|,4ft<7)ia[ 
^W^fiiti, llttSiK^5:iS«ttS!|-tl.t><7)-e{±=5r 

<. \,^mt-^nmmi:m\>^x: mwi^oy^ism 

mmmz-^mt^j:&J:d l,zy -f - ]^J<-y:^?:i}Hf6 

mm-fi ztizj:*). mmm/i—r 1 8\m,zmz-^ 
<7)m.m^±t^Xoi,zt^) ztizx'o. >£-;9r^vr 

\zmk\^x^fi^h\i<nrchh. z<n}s.=its:y <-Yf^ 

75-y^'XD-y^'h;k-7' (flux 1 
ocked looprOT. FLL) m\itlhWm<nmiXh 

[0 044] .l£^<J;3>5rSQU I DlS^ltl 5fcJ:lA'^ 

ojgffas 1 4 \tm\(r>m(xh i fzi^ . ztii^xt<Dmm 

[0045] BlracOJ; 3 (c. m3iz^.it:mmi. 1 ^ 

A- ^^;i^^)-(7)«#T- 9 mm^Z'm^mf&x'h *) . mm 
^commm±izmh if^xMim^titzmmmm 
mT-s' i7jk-tm,mmtii:h-r^heox'hi. 
[0046] z<r>mx'ii, o {zmMm^ 

frHtc^<c7)-fey-9- ( SQU I DiK^it) Srie^iJL. 

mzmtfzwj:^m.ith. 

[ 0 0 4 7 ] 11411. wMmmmmiizmhrnL 

(^^^il^-v^vUcOSQU I DSmff) <0E 

•t y-tiO'eit^/riOfiatcitie t T ^-^i-f tiw-b 

iOeSI^BtJ^iFijT - S: ^ L T V ^ & ; 

[0 048] m2\,z7ntmmmt\mm.H}-'h\ii-n^ 
tihT'-m. m5\.z7^iio^j:mii<r>'mm. m 
m ^znm-thim<^mmmr-'?x'hhif. 
^mom\^zmwi LT ztihn 1 wm^^^nr—? 
Srtgx^fc, a!i««iK-e*>aiiisgi5Bfrffl±t=fcft«.j)5i^ 

77 (H) t'lss-rsonfflii^rtfot'. 5^0tfo^o 
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mmzmim^mw^m^^ibh x o izmm lo 

[0050] m^mMfrnms. nz^-^ x^^titzm 

( z <^%mx'it'Lm ) izmi s }X7tm^^VM.mm(r) 

mw-^m 2 x'^ibi^miz-^^'^xmmt & . 
c 0 0 5 1 1 06(4, nff^i: o^mms^&i:^it>iim 
^m^mzmM-tmx'hh. ar^zim-tiirmx' 
a. j»«f Let 3 i:-ri.A*rt(7)#^c7) i -:>mmzmz 

y-t ( fli«-lr ) m'Ti^tlX V i: -Ttltf , 20 

ttih<7)X'$>i>. zcofz»). Am^m^zim^ii 
fzt^x(^^zy^ (SQV I Dmm\) i]^(>ni^tim 
mmir-i^izhmmM'fx^c^miiJiih z t 

t J: o T , iiSMS-fe >'1fi^'S?jiEai:>l ^ t ii<X'% 

\.zm^^>tm:mm>L^j:h, 

[0052] aTl:. 06 ^mXX. %xkm^iik>i^ 

h^m\iz-y\.^xkmm^zmm-th, ti', xwm 

[0053] j *><i>»^>iX|.?l^BtiK?ljT-^ 

S:B j (t) tu, =&-fey9-ai:)3 (Bj (t) tcmt" 
[0054] ZZX\ i (i€S!mS5-b>'-!f*«S) 

m^mBnzMm-t^m.-ty^iii:hiSi ( t ) t-ri. 40 

Si (t) {4<«f^jSSn&. 
[00 55] 

[^1] 

si(t)=i:p«Bj(t) 

j-1 

[00 56] Ltct^-oX. S.^y >f ;P^<S»/3ij*<^S 
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1 0 

[0 057] mc7)&my^)\^i'm0iii. wis-ri. 

J:3l=ia^t«.¥ai:LT{4. SAM (Synthetic Aper 

tureMagnetometry ) , MUS IC (Multiple Signal CI 
assification) ^j:i:(7)m^(^^^i^\'^lZ ttiK'^ 
h> SAMJ?>MUSI C{4, ZiltX^. U—f^Vi-- 

^d:t'mmx'mm^tfimi:>tix^fzi:><7)x$>'o . ^ 

[0 0 58] SAM-^MUS ICfi0^j£tJ:-5TS^7 

Aicficyjs ii^c^EH-b y9-ai:>3{i . tmizn^^^j tjv^ 

[0 0 59] SAM-^MUS I Cc7)ftffi-?-cOt<7){i)l» 

Piffl^:iK^S:^-f&*«. SAMt:ov^r{4. 19 99 

^^tfWroceedings of thellth International Confe 
rence on BiomagnetismO "Reent Advances in Biomagn 
etism" (Tohoku University PressHlr) <D^3 0 2H 
*^^>|g3 0 5i:<7)Robinson SE ti^t/ Vrba J (^il, 

"Functional Neuroimaging by Synthetic Aperture Ma 
gnetometry (SAM) " tififfltiJiBfl§iX-Ci;^l). MUS 

ICtC-PUTti, TjS9^1fl2 5HllffOK^J3J:l^ 

ffl-j u-A^) cr)minMt^^mii9Mizmm 
mmtix^^i. 

[0 06 0] z<7)j:oi,ztx. micomm&W2ii. m. 
mmmmm i tii ^x^i&^titzm'^^T-i^t- 
i^m9iM^X'hi>'\:mfHc7) 3 <j:7c6<j«»si5S:jj-^e^ s^-t 

I, . 

[006 1] -^r. m2i,z7Ptm2comMmw.3i.zi,t. 

'L^miaRM h o^t:Mfxmmtifzn-mm^(omsi 
<^wiiL(nx^^xm^ ( Jt k -ctf 5 s 'J t' •/ i-T-m^x 

[0062] m2<r)mnmm.3\i. ztit^commcoxy 
^xmrnf-i^mx (w^) LTBif^ii*»^>3<j: 

mmw- 1 1-12 8 2 2 m^m^o 9 s/ 
15 2 2 e^mtt:ii'izwmzmmtix\^h. Ltan^ 

'>X. ^er>mmiZZX'\mmL^j:\\ 
[0063] ZCOXo^ZtX, m2«0«a^a3{i;. 11 

~wm^<r>mMi&<r>mu<n3d:7im^j:mm^mm: 
7rrm2<r>T—9i^^L. m7i^mm.4<r>mnxMz4- 
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[0 0 64] ii2<o^^a4{i, m2<r)mMmm3A^ 

[0065] I17C0 (a) . (b)(i#^,^||ffi4 

sr^-rHTi) 0 , ( a ) t ( b ) tT'ii. micommz 
X mmmmmmiz^itixx^i,, 

[0 0 6 6] 07(0 (a) . ( b ) co^'^ftJ:. Ttfc ;c.«f 

<7)^miSi(mm!Stimm±x'^-tt ztimm:' 

hi.m? ia.) , ( b ) co^mx'ii. #ii«$-«Sc-r 

nm<r)hi±i>\f:m:m&i^(mmx'hi>zb mm 

[0 0 67] ^fc, 137(7) (a) . ( b ) cO#'!?lCfcV> 

X. mm^cr>±mifi^M<mmx'h^ . ymfiwmxh 
i.ttiia). ( b ) ff)msmi. rm (m) *> 

[0068] I17C0 (a) . ( b ) ^0#^^^^>V^T. A 

ti/i3j^7ce<jms?&s^^ti^^-ri.ic7)t'j)0, 

[00 69] ^Jt, I18(±. 07(0 (a) , (b)(OJ: 
0 ^rgH $ (Ofc S *f**«)ia)I^W®«(Oj) S tfc ft 5 

•tncnm-^mmsimmiSitizisifimm&^^i:^ 

[00 7 0] z<r)Xdiz. mff)hi3d:7m^j:»m^ 

mmm±i,Z'CMfy<r> 3 'AytwjmM^^^ifiim^-ti z 

fct^J: 0. Eeili{ijigtJ^«Bffii±CfcftS'C#l*l(0«8g 
??«#fli(Offi*fW=5:fiaMfiS«r6<HifcffiS-fS i i: 

LT I ^ S t # , 'Q^j^ffliftfe J: tAX^]giffliicOJlH t =5: 

sa:m6tiiSii]i?S(o4i:Tv^i.^i:#i*i(omgP(oias. 

t5Xt/jmmmizimt&ztifiX'^i>, 
[ 0 0 7 1 ] 1119 (i. a±cr,mmcr>mm 1 1;: i h'C^im 
mjsi^mi,zxr,xmi$tih'mf^cr>mm.mi&^^ 
(mz. mmmmmmm (opi^fesr^t^n- 
mx'hh. 

[0 0 7 2] m9i^mt^t. t-r^T^-yrsnza 
v^T. m^^mimmmnzxr). A*w±(oasit(o 
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1 2 

S:gB2lciott'^B55E(OSAM^/c(SMUS I CtJ:l) 

xm^m-hh. 

[0073] iklz. Xf--yrS2l,Zti\,'*X. f)ih'\jmm 

X. m2ms.mw.3izxr)mmmM (m^*gii*^^.(o 
3»:7cjgii3a«) mi. 3<X7cmmmmmn 

[oo74]ij:(c. xr'vrs3i.zii\^x. immm 
10 m\i t s . mmmimii t « . mmnmmi a 

[0075] XTyrs4{cijv^-c, mmit 
^z-^immtsi:KXLxmmmhth. ^lx.x 

[0 0 76] -r^^b*), 'vrS6tfcO-C, IglcO 

msmm.2i,zx ^n'mmmt i^zi^^^h-mmm^ 

20 ioo7 7]mz. xv--yrs7i,zii\,^x. ^mm4 
w^mmim Limmmmmzmsi^iykx^ 
[0078] <xc, 7.T"/r^s\,zii\^xws<^mt\z 

At^jDfi^-rS. ;iX^>(0;^f-yrS6-S8<0«PI 
S5-CWIIr$iXl.tT'^$n. *ITli*^Jte(ca-rS 

30 [0079] liUKOj; tc. (Dwmmmmm 1 

iiXtt'. SQUIDM+S:fflV^7t}feii«(0j!S)gB±(0^^ 

^5r*-rB«S: 3»:7cEl</Mgi)^WB«t::MiaT«^-rS 
^fctciO. '6Bffl«ifcJ:l^'i:^Mail!i(OM@t=5rl.'i:# 
l^(0»«!S:S«f£JiIlI». ■f^ri5^t|SRfi<)fi!ia«8(0)!lf| 
^WfiSM^, J^^IS6ip*«3»5tWtc|SI€1- 

[0080] zffititb. mm^m^mmz^mm<r> 
mmmmimh^j:<x t , 'bw&maxv^'mm 

40 Sl(OJIHfc^l,SS=5rSSf5}illIS5$:, ffl^, *^ 
hZbt^X'th. 

[0081] tfz. m^X^m ltSiifhil^~T-)V 

\zxhmmm-m:&^^-^£'>x\yrz%%(r>wmym 

±. fflil. ti^-:>%mmzn'^-thZtt'^^tts:hfz 
50 tifiX^l, 
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[00 8 2] tfz. :icr,^mcommii,zx^m%mtkm 

[ 0 0 8 3 J s tc, z(7)mm<mm i x-a. mm 

[0084] Lmmmm 2 ] iMiommmm 1 x- 
a. mm^mmm^m^-r&fzubiz, m^^co^mcom 

[00851 zffi^mcrmmmmn. mmsm^ 
K tmst 5r it^ Lxmaati-z b ij^x'^h'mmm 
hi. 

[ 0 0 8 6 ] m oti, z<^w!^ff)%m(nmm2>.zk 

mvikmzncmm-^xi -y ^ ht* s . 

[ 0 0 8 7 ] m 0 ^#H3LT . e^^^^ettffliia 1 1 

[0088] mmmmm. 1 j: o t^^^^i/^ik 

X. %\.zm.^tzSAy[mhh\^\m\is i ca^cotw 
^m^m^x-L-mneiSd^jfmmmiWs.. fzbta 

i'izm-^\>^x. <i.Mm<7i p ^> Q R s ipcffl t- 1. 1 
^^e-s^^^Bs-^-tr-:? b i:mh-^h^x . m^ms. 6 

[00 89] aS^^B6(i:. mW^W.5izX^X^fS.^ 

|S| t < JUS^SS J: ->x%»)hixtz^'m!r)Vm-'h 
Q R S SfOR8ra{Cffli1-|.S«fE»MS§0 3 »:7cWIi« 

SSiOCiaMfSSr 3 <J:7te<)lc|5l^-f ■?. ^ t , 
[00 9 0] <J:lc, 01 01 OicS^L/iClcOi^aj! 

[ 0 0 9 1 ] nil $r#HiLr , JK^^i-ffitfSII^S 1 

ti. m2ii^im3\zwm.xtm\.fzm,mmm^ 
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[0092] m^^-m^m. l *^^>tiJ:»j$^i^>;?a*:«- 

Mmmr~m. 01 io«»^a5t=-^;t^)n. 
wmmw^-mf-nz^-^h . 

[ 0 0 9 3 ] i i t\ 1 2 «'Dtt05riaili-r S'Cv 

«t+2 u^isft'i^xTfco, zix\,zx^m'^wz'm. 
10 [ 0 0 9 4 ] c: ^-e. ib^m.nb , 4fii$ti/c«8!E 
^'Lx^^h^^bmmvs^-^m.btsih. 

[0095] I112C0 (a) (i. >mSzmh 

-mmmm^i^m^mz^^-trnxh 0 , ( b ) J4 

\'^^%(r»^'mmi^'^s\^x\^h. 

[ 0 0 9 6 ] 0 1 2 ^#!iLT. 'm!mmwmt.fz\t 

'mmtit^^m:^h^-x^—hb\.x<rmmiM 

;^ ( H I s ) mi'hriv^y:mmsk^^Lxy-H<n>t>' 

QRSPc7)J«|?5 (^iRi^) tfflitS. 
[0 0 97] hfzt^-iX. CcOPjSA>^>QRS|¥£7)^S 

WWtiiO. «J^S5IJ, 012 (a) {:^-fJ:5i5: 

lEit;!^- h b Lx<mmmm^mmm-9^^ 

30 [0 0 98] Cc^<J:a^012 (a) tC^-r«fEjfg 
fficoBfiHi, IIJfic0}g®lOjBlfiJ^Bm«0f^*>'3fcr 

Ti. c:£^0i2 (a) \,z^-if^iv-ymmmm. 

m^^'^^^tmi.. =^(nmz^\^fzm%mmm^. fz 
b um%t;:%mm.Wh (H 1 2 ( a ) ^mm 

40 [0099] 01 Ii7)ji|^a5{i. c:coj:3^f•yr 
^-^fcLT^ome^SllI88<^«^^^aia^*)•^^•r, 4 

^^tifz^W^IS/jf^i^-fr-f^^m-h. Wt(r> 

J: ate, m»E?gjK^*^«ip-rHffi«^mwisiii{c«a 

iL-&ay^vrV-Y<nWScT-'9^-^m:fx.X. 
a6(c4i.^>ixl.. 

[ 0 1 0 0 ] 0 1 1 tc^-r^s^aeti. ^ac^as*^ 

^.cor-^tcS-^fv^T, n-yrv-Vb\^xm.%tm 

50 j»fEffilII!S{cmia^i>-li-C, Sog^S^^PSr^^tHmSr 
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[0 1 0 1 ] HI 3{i, Wfkmmeizx^xm^jz^s 
[0102] mMxhixki. mi Btc^-rryrw- h 
^■th:itifiX'^h. 

[ 0 1 0 3 ] 0 1 Aumm 1 sti, a±<7)mm(r)mm 
2i,zx h't^wm^mmmizx-^xmi^ixtimm 

[01 04] t-f. I114$:#H3LT, Xt-'/TSI 1 

^cfev^•c, mmmmms i m^^xA#m±m 
m<7)mmizi5^^xi¥mmmm^:m^\ mmcom.^ 

[0 10 5] mz. XT'yrsi2i,zii\,^x. m^<^^ 
v^msmi At b^ibi. 

loioe^mzxfyrs i sizaux. mmmt 
iz. pmmmmxh^ t sp $rftA-rs . 

[010 7] ^LX, Xr-/rsl4KfcV^-C, JBW^ 

^^^Tmm t e g Rs dzimt ^tx\ arrffyxf -y r s 
1 5~s 1 7<r)9i!tmt<mm^tii>. 

[ 0 1 0 8 ] Xr-yTSl 5C*jl^T, MM 

mmsizx m^^mmmt ^zmi'm^mf-i? 
s AMffitTttiMu s I cmxmkLX'mj^n^i^ 

[010 9]<jCtC. J^T-yTSl etCtJV^T. 't^iSfrtm 

[01 io]»:(=. xf-yTsi Tfctjv^-c. immm 

tifZAmmt. XT"/rsi4izm.r>xm^mt 

i^hQRsmizmiimizjdjiti'^tfxmi 2 (a) 
■riEm/p- h x'h mmmm^^mwif-i'm 

(,ixt:Ztl,z^j:h, 

[0111] mz. mi 5eox7--vrs 1 aiizm^. » 

[01 12]<J:(;, xr yrsi9tc*jv^T. mvfm] 
tfc*JWi»F^Jts^ftA-fS, mz. ;^r-y7-S2 0t 

V ^-c , IB wsij t mjmm t e {cira ujt c t mi 

Wi^iXltX\ OT^OXr-y rs 2 1~S 2 3*5||ff§ 
[0 1 1 3] -r^i)*), ;?.r-yrS2 U^fcv^T, 
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[0114] mz, XT^rs 2 2tci3v^f , 'C#i*im 

[0 1 1 5 ] §^>tX-f •yrS2 3ti3V^-C, W*fB#JiJ 
tt^At^JoSCL. Xx'y7-S2 0t^-9T»7^li!lt 

e{cigU^*^*»$:iyj$^?.. lilt J: 0, 'mncr>n. 
xmmtm^^-tT—?i;)K 01 4t07o-iaT1#^>it 

10 /ciEffi«ijsteffiggs (012(a)) mmzmi-^h 

"txm.n^^fihzbi^ztch. 
[0116] tLh« i 0 (w, z(o%mcommmm2i,z 

rnxmrnsmmizx-yxmiiiimmmmm 

m^tmmi, Tyru-hbix<7)mMmsm 
mzmhxmti ztizxD. mmmmmmtm 
tn'^h^h zb^j:<. 't''mmit3Xx/'tMmm<r>mb 

mmmmmmzMtmm^j:{a.mmi^ .i^^^, 

20 m^i&mi)^3d:7i^'i{zn^-t^Zbmmb^j:^. L 

tzifi-^x. zmmmmix'ii, mmmmm%i 

[0 1 1 7 ] t/c. mmmM^l^j:i)^h:^T-ri\^ 

izxiimiixmm^mo^mcoimizis^^xh , 
iMcox d i>z^±. mm, ■f}^'ymm&i>Z'm^cr>m^^j: 
mm^mmmm&i^■^mb^J:hf^l^, m.m'^mmm 
mcoxmmmmi:^L<m.mtizbi3<x^, mma 

[ 0 1 1 8 ] tJt, mm^mm\miiSL<r>tz>h<7i^m^^ 
30 mb-^sMzib. z(r>mM'mn2\,ziihnmim^^co 
m^m^-^mm\,zi: hi]T-'r)vm'mbmmiribz 
ttiio. •mmnii^v^mmmmmb-mLtzxk 
m^mfttzbm't. ^<n%m^h\.zm^h. 

ZbifiXth, 

[0119] z<nmiimmm2xi,i. 'm^<r> 
%%mmws.i7f(tT-'^b Lxmm^'^i^mm 
Lx^^h<^x\ mn'm.mm^b. ^^m^zmt 
hmmm^b<m^m:mmM*)^j:ti^h. m^^ 

tpoZbti^Xth, 

40 [0120] ^mmi^tifzm^<mm\tf^x<r>MX' 
mixh'yxmwm:ij<nx'i,i^s\^b^x.hixh^%x 
hh. ifmmmi^±mLtzmmxiit£< xw^mt 

i.v^mmx'(r>t'<.x<^-^ti^t.fihzbmm^ti 

[0121] 

i:j±<r>xof.z. zcr)mi,zi,m. m« 
<r>m^Uizii\'fmmmmmi,zi: ^xnhtitz'm 
mmi'^mm^. sdumt^mm'^^mw.i.xsin 
50 z b ifix't h cr)X\ mi;^cr)m^j:mmmm 
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[0 1 23 J nmmm\<^tz;tiT-Tfmf!jm 

[0 1 243 ^^fihwmmmm^i'^st'r 

mmm.'rt^ t mmmm-h o , i mtfzimmm<D 
m&y^ ^^~)vx:mMim.WL lx i ^tzmi<^miiWi 
<r)Xo\,z. msL<^m.'^'^w^m:mx'mmmi>hb\^ 

mLmmmz. mm^^mmmmsc^h'^xs 
mm3Wtmzm^tizti)^T^?>. t^j:h 

tA''D]iiNBi!)O'C««#^|Srlga«0ffl^S:itiii&WtS^t«S 

[03] n 2 (:.T^ Lfzm.m-mwmm(nmm^j:m^ 
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[04] TO^(0)16ilgPtifffl±Kfc{tl.1^c7)e^-try 
1^£0iIWJS:*tllt'J)l.. 

[05] mA<rym.<n^y^<r>^ti^titi>h^(>ixt^ 

[06] Tmi^MW~9-h-to%Wsj^^ir-9 

[07 ] {zm.'^ix.h y^mmmm 

[08 ] mi^z^>.Ltzyd!jmmm-^mm-^m 
10 ^mwm'mhh, 

[09] iiO^BBco|||Sc7)}^®itj:|„i:,||K#^Br 

[010] <rm9i(r)Wmmm. 2i>zx^ 'mmma 
xx/mmmc^^m&^wmmim&i.mmiz^ 
mmro-ymx'hi. 

[011] a 1 0 1 L;t d o^BJtfOlSifiom® 2 (::• 
[012] 'i:#{cfc(t&IE^^Mgjiig»SfcJ:tX't«S 

20 m&mm3!imz7r;tmx'h^. 

[013] ^^^S6tc:J:orillgt^$it^^iE?» 
[014] IIM«0}e»2fcJ:S'i:>liia-5ft^llf^B<Oilj 

[015] mmmm 2 1 i s c^fflBK^^B^Bcoift 
f^5:ijiH3-ri.7o-0-cj>s. 
[^f^iOUiHB] 

30 mmm. 4, e^sjia. 5 mmm. 11 m 

SR, 12 13 ra'?-, 14JSiSrSI5, 1 

5 SQUiDMt, 16 17 n-f 

I8fim^;u-T, 19 ti/'iix-v-gya-f 
;k 20 Nbi/-;Ph\ 2 1 
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